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Bone  remodeling  commonly  occurred  after  fracture  and  curettage  benign  bone  tumor.  A lot  of previous
articles  reported  “internal”  trabecular  bone  remodeling.  There  were  no  previous  clinical  reports  about
“external”  cortical  bone remodeling.  We  present  here  2  clinical  cases  of  “external”  bone  remodeling  after
injectable calcium-phosphate  in benign  bone  tumor  in the  hand.  In  two  cases  of benign  bone  tumor,  we
performed  complete  removal  of the  tumor  and  immediate  ﬁlling  of the  metacarpal  bone  with  injectable
®one tumor
alcium-phosphate cement
calcium-phosphate  cement  Arexbone from  the mechanical  viewpoint.  With  respect  to  the shape  of
the  calcium-phosphate,  by using  an  injection-type,  calcium-phosphate  is  adhered  uniformly  to  the bone
cortex  by injecting,  remodeling  has  been  promoted.  After 5 and  8 years,  both  cases  were  no recurrences,
and  the shape  of  the  metacarpal  looked  close  to the  contralateral  side.  These  ﬁndings  supposed  to be
concerned  with  potential  self-healing  and  self-protection  mechanism  in human  body.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Bone remodeling is a common phenomenon after fracture or
one tumor resection. Normally, bone remodeling is intended
o trabecular bone remodeling. This is so called “internal” bone
emodeling. A lot of previous articles reported trabecular bone
emodeling [1–4]. The remodeling of trabecular bone rapidly occurs
ecause of its porous nature. Cortical bone remodeling is called
external” bone remodeling. Although cortical bone makes up 75%
f the total bone volume, the metabolic rate is ten times higher
n trabecular bone [5]. There are no reports about “external” bone
emodeling on clinical case.
After the surgical removal of benign bone tumor, recon-
truction of the defect is important from the perspective of
orphological and mechanical point of view [6,7]. Standard treat-
ent of benign bone tumor has consisted of curettage with
one grafting [8]. Moreover, it is better to avoid additional
urgical incisions in other areas of the body. It has become
ncreasingly common for surgeons to use biological cement
∗ Corresponding author. Department of Hand Surgery, Strasbourg University Hos-
ital, 10, avenue Baumann, 67403, Illkirch, France. Tel.: +33 688 894 779;
ax: +33 388 552 363.
E-mail address: philippe.liverneaux@chru-strasbourg.fr (P. Liverneaux).
http://dx.doi.org/10.1016/j.otsr.2015.09.019
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.[9,10]. Injectable calcium-phosphate cement provides signiﬁcant
mechanical strength [11,12]. Calcium-phosphate has also favorable
histocompatibility and osteoinduction in vivo [13].
We present here 2 clinical cases of “external” bone remodeling
after injectable calcium-phosphate in benign bone tumor at the
hand.
2. Case
2.1. Case 1
A 40-year-old man  was referred to our hospital having suf-
fered from pain and swelling the right 1st metacarpal bone. He
had no history of trauma. The physical examination revealed a
3.5 cm mass in the right 1st metacarpal bone. On a visual ana-
logic scale, pain score was  5/10. The Quick DASH functional score of
upper limb was  29.55/100. Radiological ﬁndings revealed radiolu-
cent area in the right 1st metacarpal bone that was demarcated
from the surrounding bone (Fig. 1A). The lesion was 2.5 cm in
diameter and round expanding the outer cortex. These radiological
ﬁndings suggested that the lesion might be a benign bone tumor.
We performed removal of the tumor and immediate ﬁlling of the
1st metacarpal bone with injectable calcium-phosphate cement
Arexbone® (ArexTM, Palaiseau, France) instead of a cancellous bone
graft (Fig. 1B). After the injection of calcium-phosphate cement,
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iig. 1. A case of ﬁbrous dysplasia in the 1st right metacarpal (case 1). A. Radiologi
one  ﬁlling with calcium-phosphate cement. C. Radiological ﬁndings 8 years after t
e veriﬁed the good ﬁlling of cavity with the use of ﬂuoroscope.
uring the operation, a dark red tumor was found in the entire
hape of the 1st metacarpal bone. To conﬁrm the perfect removal
f the tumor tissue, we made 5 mm bone hole at the proximal end
f 1st metacarpal bone and performed repeatedly curettage until
 clear bony cortex was revealed under osteoscopy [7]. The tumor
as diagnosed as a ﬁbrous dysplasia by histological examination.
ight years after the operation, no recurrence of the tumor has been
bserved (Fig. 1 C) and the shape of the 1st metacarpal looked close
o the contralateral side (Fig. 1D). Pain score was 0/10. The Quick
ASH score was 0/100.
.2. Case 2
A 57-year-old woman complaining of pain and swelling of the
ead of left 3rd metacarpal bone for 5 months was referred to
ur hospital. She had no history of trauma. Physical examination
evealed a 1.5 cm mass at the head of left 3rd metacarpal bone. Pain
core was 3/10. The Quick DASH score was 29.55/100. At the radio-
ogical ﬁndings, the lesion appeared 1.5 cm in diameter and round
xpanding the outer cortex, and the internal pattern of the lesion
as characterized by multilobular structure (Fig. 2A). These radio-
ogical ﬁndings suggested that the lesion might be a benign bone
umor. We  performed the surgery by the same method applied
o case 1. During the operation, we found a dark-purple tumor in
he head of the 3rd metacarpal bone and diagnosed it as a giant
ell bone tumor after histological examination. The defect resulting
rom removal was  ﬁlled with injectable calcium-phosphate cement
Fig. 2B). An X-ray 5 years after the operation showed a close to nor-
al  shape of the head of 3rd metacarpal bone and evidence of noecurrence (Fig. 2C and D). Pain score was 0/10. The Quick DASH
core was 0/100.
These two patients were continuously re-evaluated at regular
ntervals for the avoidance of recurrence.dings before operation. B. Radiological ﬁndings 1 month after tumor removal and
removal and bone ﬁlling with calcium-phosphate cement. D. Contralateral side.
3. Discussion
Bone remodeling commonly occurs after fracture and curet-
tage benign bone tumor. All of previous reports described only
trabecular bone remodeling. There are no reports about “exter-
nal” cortical bone remodeling. Our report is the ﬁrst one describing
“external” cortical bone remodeling. In human body, there are a
lot of non-explained self-healing and self-protection mechanisms
[14]. In the infant period, are described regenerative models in the
healing of wounds [15]. In our two clinical cases, bone remodeling
was performed by some kind of self-repairing and self-protection
mechanism.
Human bone is a metabolically active organ that undergoes con-
tinuous remodeling throughout life. The bone remodeling cycle
involves a complex series of sequential steps (coupling of bone
formation and bone resorption). These processes are also self-
repairing mechanisms and continue to control the reshaping or
replacement of bone during growth and following injuries like
fractures but also micro damage. Bone balance is the difference
between the old bone resorbed and new bone formed. Periosteal
bone balance is mildly positive, whereas endosteal and trabecular
bone balances are mildly negative. These relative changes occur
with endosteal resorption outstripping periosteal formation [5].
Calcium-phosphate allows potential of trabecular bone remodel-
ing [16]. During in vivo experiments, it has been proved that when
calcium-phosphate cement is replaced by bone, there is a bone
reconstruction from the residual cortical bone around calcium-
phosphate cement [17,18].
In our two clinical cases, we  observed postoperatively con-
tinuing periosteal bone formation and decreasing endosteal and
trabecular bone resorption. After 5 and 8 years with no recurr-
ences, almost normal structures were obtained. These ﬁndings
could be related with potential self-healing mechanism in human
body, maybe improved by periosteal and interosseous muscle
integrity.
S. Ichihara et al. / Orthopaedics & Traumatology: Surgery & Research 101 (2015) 983–986 985
F iolog
a er tum
r
c
t
d
“
D
n
R
[
[
[ig. 2. A case of giant cell bone tumor in the head of the 3rd metacarpal (case 2). A. Rad
nd  bone ﬁlling with calcium-phosphate cement. C. Radiological ﬁndings 8 years aft
In surgical treatment, immediate bone mechanical properties
eplacement is important to avoid postoperative fracture. Biome-
hanically, bone ﬁlling with calcium-phosphate cement is one of
he best solutions [6]. Using an injection-type, not a block or pow-
er, calcium-phosphate adheres uniformly to the bone cortex [19].
In conclusion, from the results of our two cases, we  observed
external” bone remodeling.
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